The ADH1B Arg47His polymorphism has been convincingly associated with alcoholism in numerous studies of several populations in Asia and Europe. In a review of literature from the past 30 years, we have identified studies that report allele frequencies of this polymorphism for 131 population samples from many different parts of the world. The derived ADH1B*47His allele reaches high frequencies only in western and eastern Asia. To pursue this pattern, we report here new frequency data for 37 populations. Most of our data are from South and Southeast Asia and confirm that there is a low frequency of this allele in the region between eastern and western Asia. The distribution suggests that the derived allele increased in frequency independently in western and eastern Asia after humans had spread across Eurasia.
It has been 130 years since variation in alcohol dehydrogenase (ADH) was shown to be associated with alcoholism. 1 The ADH1B (MIM 103720) and ADH1C (MIM 103730) genes, which encode the primary ADH enzymes for alcohol metabolism in the liver, both harbor polymorphisms resulting in functional differences in their respective enzymes. The evolutionarily derived ADH1B*47His allele (previously called "ADH2*2") results in enhanced catalytic activity, increased blood levels of acetaldehyde, flushing, and protection from alcoholism. [2] [3] [4] [5] These phenotypic changes are also associated with some other polymorphisms in the ADH region, but the associations are weaker or are not consistently replicated. 6, 7 Variants at ADH1C may be responsible for weak effects in Europeans, and linkage disequilibrium between variants in either gene may explain these results. In any case, the ADH1B Arg47His polymorphism (rs1229984) is the SNP generally regarded as the most important with respect to alcoholism (or alcoholism protection) in the ADH gene family in Asia.
The frequency of the evolutionarily derived ADH1B*47His allele is particularly high in eastern Asian populations (often exceeding 80%), but the allele is almost absent in subSaharan, European, and Native American populations. The high frequency of the derived allele in Asia could have resulted from either of two possible evolutionary processes: (1) a selective advantage existing only in eastern Asia for the allele or (2) random genetic drift increasing the frequency of the allele in eastern Asia. Indeed, we recently showed 8 that positive selection led to the high frequency in some eastern Asian populations, most especially in Japanese and Koreans. However, we have also observed that there is another region of relatively high frequency (140%) of the ADH1B*47His allele in southwestern Asia and in populations deriving from southwestern Asia. 9 However, the few population samples we have studied from central Asia lacked or had very low frequencies of ADH1B*47His. To learn more about the distribution of this allele and to present a more detailed global view of this polymorphism (rs1229984), we typed 31 new population samples and reviewed the literature for population studies. In our review, we found 131 normal (nonalcoholic) population samples that have been studied for this polymorphism; populations studied, allele frequencies, and references for each study are available in ALFRED.
We studied 1,449 individuals from 37 population samples not previously studied (table 1) The population numbers are the same as those in figure 1 . b ISO639-3 is the international standard devised to enable the uniform identification of all known languages in a wide range of applications, particularly including information systems. For our sample populations, these linguistic tags can be used to search Ethnologue for information on the populations, although some Africanderived populations in Pakistan no longer speak their original languages.
subfamilies are parts of the Daic family. 10 The remaining seven population samples are from southwestern China, a region ethnically related to Southeast Asia under the same linguistic families, Mon-Khmer and Daic. All individuals provided informed consent approved by the relevant human subjects committees of the relevant countries and collaborating institutions. With all 37 population samples, the ADH1B Arg47His polymorphism (rs1229984) was typed by the TaqMan method with use of an assay we designed and had synthesized by Shanghai GeneCore BioTechnologies (probe 1, FAM-AATCTGTCACACAGATGA-MGB; probe 2, TET-TCTGTCGCACAGATG-MGB [bold font indicates polymorphic nucleotide site]; forward primer, 5 -TCTTTTCTGAATCTGAACAGCTTCTCT-3 ; reverse primer, 5 -GGGTCACCAGGTTGCCACTA-3 ).
The allele frequencies for these 37 new population samples are given in table 1. The frequencies of the derived ADH1B*47His allele were very low in the African samples as well as in the Keralites. Low to moderate frequencies were found in the two Pakistani populations, with the moderate frequency occurring in the Hazaras (24%), consistent with some eastern Asian ancestry. Frequencies !15% occurred in two of the Laotian populations, the Phuthai and Bit. The other Laotian populations had frequencies ranging from 20% to 56%. With the exception of the Yerong (42.9%), the Chinese populations had frequencies higher than those of any Laotian population, ranging from 60% to 100%.
For a global analysis, we combined our new data with previously published data, for a total of 168 population samples. The frequency data are displayed graphically in figure 1 , with the population samples arranged "geographically" from Africa to South America. Clearly, the frequencies are high in western and eastern Asia and are lower in between. Moderate frequencies exist in Southeast Asia and North Africa-that is, the geographic regions surrounding those populations with the highest frequencies. In allele-frequency contours plotted geographically ( fig.  2) , a clinal pattern is quite obvious. The Moscow Russian sample appears anomalous with a fairly high frequency of ADH1B*47His; however, the sample is said in the original publication 11 to be admixed with eastern Asians. It is generally accepted that the Polynesians originated in Southeast Asia 12 ; they also have a moderate frequency of ADH1B*47His. In the rest of the world, the ADH1B*47His allele is almost absent.
A discontinuity between two high-frequency regions, western Asia and eastern Asia, appears in South Asia and the western part of Southeast Asia. The route from western Asia, via South Asia and Southeast Asia, to eastern Asia is one of the supposed routes of modern human expansion in Asia. 13 The observed gap supports an argument against maintenance of the high western Asian frequency throughout this expansion. Another supposed route of expansion is via central Asia. Although there are few samples in the region and the frequencies are somewhat higher than those in South Asia, the frequencies are still much lower than those to the west and the east. Historic events such as travel along the Silk Road, Ghengis Khan's conquests, and recent migrations-such as the movement of the Han Chinese to Xinjiang and the Xibo population from northeastern China to Xinjiang during the Qing Dynasty-could all have contributed to these somewhat higher central Asian frequencies. It is noteworthy that the derived allele frequencies in two central Asian populations, the Uygur and Kazakh, are not high. Similarly, the Khanty from western Siberia lack the allele. These data strongly support the argument that a significantly lower frequency exists in central Asia, with two separate flanking regions of high frequency of the ADH1B*47His allele.
Plausible explanations for the observed high frequencies of ADH1B*47His in eastern and western Asia but not in between involve separate increases in frequency in the two regions. Either drift or natural selection could have been the cause of these high frequencies. There is strong evidence that natural selection is responsible in Koreans, Japanese, and Han Chinese 8 but not in other eastern Asian populations in that study. However, a selective force could have been too weak to be detected but still strong enough to have resulted in the widespread distribution of the ADH1B*47His allele in eastern Asia. Or, gene flow could have spread the allele into populations in which selection was not operating, since there seem to be no strongly detrimental fitness consequences of having the allele in areas where natural selection could not be detected. In this expanded study, which combines all known data from the literature with new data about many relevant populations, we have shown that the pattern of the ADH1B*47His distribution is more complicated than was previously apparent. In western Asia, the highest frequencies appear in the Persians, Turks, Samaritans, and Jews from a variety of regions. These populations belong to three different linguistic families-Indo-European (Iranian), Altaic (Turks), and Afro-Asiatic (Semitic). This linguistic difference provides an argument against a recent common origin of these groups, although their geographic proximity may have allowed considerable gene flow among them in more recent millennia.
At least three hypotheses may explain the observed allele-frequency pattern of ADH1B*47His: two independent mutations, loss of the allele from intervening populations, and local selective factors. We can confidently exclude independent mutation, because the haplotype phylogeny clearly shows overall strong linkage disequilibrium but a recombination event on one side of the Arg47His site that distinguishes the southwestern Asian from eastern Asian haplotypes. 9, 14, 15 Hypothesizing the loss of the allele from central and South Asian populations requires explanation of several facts. Implicit is the assumption that the high frequency arose in southwestern Asia and was carried into eastern Asia. However, if the derived allele were always frequent, the western Asian haplotype should also be found in eastern Asia, because it would have been the common haplotype initially, and total replacement by the recombinant haplotype would have been very unlikely. The western Asian haplotype has never been observed in the several eastern Asian populations studied for the necessary polymorphisms. 9 Also, there has never been evidence that ADH1B*47His itself was selected against and, therefore, no reason to speculate that selection eliminated the allele in South and central Asia. Local selection focused on the genomic region containing ADH1B*47His is already strongly supported for eastern Asian populations. 8 We speculate that a low allele frequency had been maintained in different Asian populations after the settlements of western, central, South, and eastern Asia. Because the allele frequency was quite low, different haplotypes easily drifted to different frequencies, including complete loss, in different geographic regions. Then, at a relatively recent time, local selective factors on this allele or on one tightly linked increased the allele frequency in eastern Asia. 8 The high frequency in western Asia might have resulted from local selection or might have simply resulted from random drift during population expansion but after human expansion into Europe. So far, there is no evidence of selection in western Asia, but the data are incomplete. In either case, the data presented here support the argument that the high allele frequency must have occurred independently.
We still lack data from multiple populations in central Asia and haplotype data from the majority of these 168 population samples. A clearer understanding of the complex geographic pattern of this important allele at a metabolically important gene will result only when more haplotype data exist for this locus from more population samples from regions already densely studied, as well as new allele-and haplotype-frequency data from central parts of Asia-for example, Afghanistan, Iran, Kazakhstan, and southern Siberia. Clearly, additional research is needed; there is still no last word on the ADH1B*47His story, which grows ever more complex.
